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Circuit arrangement for comparing two alternating voltages of the same frequency. 
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© A circuit arrangement for use as a phase, resistance, 
or conductance discriminator in, for example, an automatic 
load matching unit such as an aerial tuning unit. The ar- 
rangement employs two diodes (D1, D2) in a two-terminal- 
pair-network, which diodes rectify voltages derived from 
two input voltages A and B to produce an output voltage 
Vo which is a function of both input voltages and is indi- 
cative, for example, of the difference in phase or modulus 
of the input voltages. The rectified voltages produced by 
the respective diodes can be combined, by suitable choice 
of components, in such a way that any non-linearity pro- 
duced by one diode is exactly offset by the same non- 
linearity produced by the other diode. 
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CIRCUIT ARRANGEMENT FOR COMPARING TV/O ALTERNATING VOLTAGES 
OF THE SAME FREQUENCE. 



The invention relates to a circuit arrangement for comparing two 
alternating voltages of" the same frequency, comprising a two- terminal- 
pair network which, at the operational frequency, comprises components 
of negligible reactance; which network further includes a first and a 
second diode* 

An arrangement of the type defined above is known and has been used, 
for example , as^ a phase discriminator. One known form of 
discriminator comprises two transformers for respectively applying the 
two voltages to the diodes, one of the transformers having a centre- 
tapped secondary winding and both transformers having secondary 
windings which float with respect to ground potential. For satisfactory 
operation, the voltages applied to the diodes must, of course, be very 
considerably larger than the knee voltage of the diodes and the use of 
transformers enables the input voltages to be transformed to an 
appropriately high level, even if they have an input level below the 
said knee voltage. The vise of transformers, however, leads to 
several disadvantages; namely (1) the output signal is floating with 
respect to ground potential, (2) it is difficult to provide 
transformers having negligible reactance at high operating frequencies 
and, hence, the frequency range over which the phase detector can 
work is severely limited, and (3) transformers are relatively large 
and orpensive compared with other passive components such as diodes, 
resistors and capacitors. 

United Kingdom Patent Specification tto. 971,903 discloses a 
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phase dicer iminator of the type defined which at least mitigates j 
these disadvantages to the extent that it enables a single-ended 

j 

output (i.e. not floating with respect to ground) to be provided* j 
The disclosed discriminator has the form of a bridged-T network j 
in which each series arm is formed by a respective resistance, \ 
the bridge arm is formed by one of the too diodes, and the shunt j 
arm is formed by the other diode. The rectified voltages in the 
network are isolated from the input alternating voltages by 
respective DC-blocking capacitors in the inputs to the two series 
arms. A disadvantage of this phase discriminator however, is that j 
voltage amplifiers, for example transformers, have to be used if the 
input signal levels are not considerably greater than the diode knee j 
voltage. Some of the disadvantages resulting from the use of t 
transformers can be mitigated by the use of active (for example 
transistorised) voltage amplifiers but then the inherent advantages, j 
for example the low cost and simplicity, of a passive network are lost, j 
Phase discriminators are used inter alia in automatic impedance j 
matching systems in which the impedance of a load (for example an j 
antenna) is automatically matched to the impedance of a source (for 
example a radio transciever) by means of an adjustable reactance 
between the source and load* The reactance is adjusted, for example 
by motors in a servo loop system, until the source and load 
impedances are matched, the motors being controlled by output 
signals from discriminators which, in effect, monitor the aerial- 
plus-reactance impedance as seen by the source* These output signals 
are used to vary the reactance until the source and load impedances 
are matched. 

One* such system is described, for example, in United Kingdom 
Patent Specification Ho 881,018, which system uses a phase 

30 discriminator and also a modulus, or resistance, discriminator. In 
general, a resistance discriminator provides a voltage whose 
polarity varies according as the ratio of the load impedance of 
the feeder to the characteristic impedance R Q of the feeder is 
greater or less than unity and has a null point when the load 

35 impedance is equal to the characteristic impedance* 
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United Kingdom Patent Specification No. 1,412, 314 discloses a 
system in which, in one mode of operation, a resistance 
discriminator and a conductance discriminator are used to provide 



5 



I 

10 



15 



i 

20 



25 



30 



35 



the required servo signals. In an alternative mode, a phase 
discriminator is used instead of the resistance discriminator. 

In each of the automatic load adjusting systems the input 
signals to the, or each, discriminator comprise an alternating 
voltage which is proportional to the voltage V on the transmission 
line at a particular point and an alternating voltage which is J 
proportional to the current I in the line at that point. The 
latter voltage is, for example, generated across a resistor which 
shunts the secondary winding of a current transformer in the 
transmission line. 

It is the object of the invention to provide a circuit 
arrangement of the 'double diode 1 type defined above which can be j 
used as a phase discriminator in which the above-mentioned 1 
disadvantages (1) to (3) are at least mitigated and which can ! 
also be used as either a resistance or a conductance discriminator. • 

Accordingly the invention provides a circuit arrangement for 
comparing two alternating voltages of the same frequency, 
comprising a two-terminal-pair network which, at the operational 
frequency, comprises components of negligible reactance; which j 
network further includes a first and a second diode, wherein the 
network is in the form of a ir network and comprises 

a first sub-network bridging at least part of the series arm 
of the u network and including said first diode for deriving a j 
first direct voltage which is a function of the alternating voltage \ 
applied across a first terminal pair of the network and which is also 5 
a function of the alternating voltage applied across the second 
terminal pair, ; 

a second sub-network connected in parallel with at least part of ,* 
a shunt arm of the r> network and including said second diode for j 
deriving a second direct voltage which is a function of the alternating j 
voltage applied across the second terminal pair, and \ 

means for combining the first and second direct voltages to 
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provide a third direct voltage which is indicative of the difference j 

between a parameter of the alternating voltage applied across the 
first terminal pair and the same parameter of the alternating voltage 
applied across the second terminal pair, j 
5 It will be shown, in the subsequent description of embodiments J 

of arrangements according to the invention, that the effects of the J 
knee voltages of the diodes precisely cancel each other and, hence, 
the arrangement can be used with input signals lower than the diode j 

i 

knee voltage • Further, no transformer is required and the 
10 arrangement retains the advantage that the output signals are 
single-ended* 

A first embodiment of an arrangement according to the invention, 
for use as a phase discriminator, is characterised in that said 
difference between the same parameters of the two alternating voltages 

15 is their phase difference, the series arm of the n network ' 
includes a first and a second resistance arranged in series between 
the shunt arms, the second resistance is shunted by the first diode, 
the second diode is connected to the junction of the first and 
second resistances in parallel with the shunt arms of the network, 

20 a first of the two shunt arms of the tc network comprises a third 

resistance, and the second of the two shunt arms comprises a series 
arrangement of a fourth resistance and a first capacitance with the 
fourth resistance connected to the series arm, said first 
capacitance having a negligible reactance at the operational 

25 frequency, the two diodes being so connected that a pole of one is 
connected to the like pole of the other, and the junction of the 
fourth resistance and first capacitance constitutes the output 
signal point of the arrangement* 

In an embodiment of such a phase discriminator, the first diode ( 

30 also shunts a fifth resistance connected in the series arm in series 
with the second resistance, said fifth resistance being shunted by a 
second capacitor having a negligible reactance at the operational 
frequency. The fifth resistance can be used to adjust the DC load on 
the first diode without affecting the AC load since it is shunted by 

35 the negligible impedance of the second capacitor. 
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Preferably, in the last mentioned embodiment, the resistance 
values of the first and second resistances are equal and wherein the 
resistance values of the third, fourth and fifth resistances are 
equal. Such an arrangement equates the DC loads on the two diodes so 
that, if originally a matched pair, they have the same characteristic 
performance in operation and thereby eliminates any distortion that 
might otherwise be caused by their having different loads. It also 
provides the same input impedance at each terminal pair, assuming 
the source impedances are equal. 

A further embodiment of a circuit arrangement according to the 
invention, which can be used as a resistance or conductance 
discriminator, is characterised in that the said difference between 
the same parameters of the two alternating voltages is the difference 
between their moduli, the series arm of the * network comprises a 
first resistor arranged between the shunt arms, a first of the two 
shunt arms of the it network comprises a series arrangement of a 
second, a third and a fourth resistance with the second resistance 
at the series arm end of the series arrangement, a first capacitor 
having a negligible reactance at the operational frequency being 
connected across the fourth resistance, the first diode is connected 
across the first and second resistance, the second diode is connected 
across the third and fourth resistances with one pole thereof 
connected to the like the first diode, the second of the two shunt 
arms comprises a fifth resistor and a second capacitor in series, 
the fifth resistor being the nearer to the series arm of the k network, 
and the junction of the fifth resistor and second capacitor 
constitutes the output signal point of the arrangement. The 
arrangement acts as a resistance or a conductance discriminator 
in dependence upon which input alternating voltage is connected to 
which terminal pair. Preferably, the resistance values of the first 
and fourth resistances are equal, the resistance values of the 
second and third resistances are equal, and the resistance value 
of the fifth resistance is twice that of the second resistance. 
This has the advantages that the DC loads on the two diodes are 
equal and that the input impedances are equal if the source impedances 
are equal. 
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If the input sources are not DC— isolated, a respective DC— 
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blocking capacitor is included between the tc network and each 
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terminal connected to the series arm of the tc network, these \ 
capacitors having negligible reactance at the operational frequency • j 
The DC-blocking capacitors ensure that the sources do not shunt 
the DC voltages provided by the diodes. 

Embodiments of the invention will now be described, by way of 
example, with reference to the accompanying drawing, of which: , 

Figure 1 is a circuit diagram of an embodiment of a circuit j 
arrangement according to the invention for use as a phase 
discriminator, and 

Figure 2 is a circuit diagram of an embodiment of a circuit 
arrangement according to the invention for use as a resistance or 
conductance discriminator* 

Figure 1 shows a circuit arrangement according to the invention « 
which operates as a passive phase discriminator and comprises a 
first terminal pair 1,1", a second terminal pair 2,2', five 
resistances Rl to R5, two diodes Dl and D2, and four capacitors CI 
to C4 each of which has a negligible reactance at the operational 
frequency of the arrangement • Thus under AC conditions, the 
capacitors are~effectively short circuits and the arrangement 
comprises a substantially resistive tz network in which resistances 
Rl and .R2 constitute the series arm and each of resistances R3 and R4 
constitutes a respective shunt arrru Under DC conditions, 
capacitors CI to C4 are DC-blocking capacitors and, hence, resistance 
R5 is not short— circuited and, with resistance R2, forms the DC load on 
diode Dl. The DC load on diode D2 comprises the resistances Rl and R2. 
Capacitor CI isolates a DC output voltage (Vb) , appearing at circuit 
point 3, from the common circuit rail 4 which interconnects terminals 
1* and 2*. Capacitors C3 and C4 are DC-blocking capacitors so that 
DC voltages provided by the diodes Dl and D2 are not affected by any 
DC path that may be present in the input signal sources to the two 
terminal pairs. These two capacitors may be omitted if there are no 
such paths. 
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In the above-described manner, diode Dl constitutes the above- 
mentioned first sub-network which bridges the part R2-R5 of the 
series arm comprising resistances R1-R2-R5, and diode D2 constitutes 
the second sub-network which is in parallel with a shunt am (R3) 
5 of the network • 

For the purposes of explaining the operation of the circuit 
shown in Figure 1, it will be assumed that the common rail 4 is at 
sero voltage, for example ground, an AC voltage A is applied to 
terminal 1, and an AC voltage B is applied to terminal 2. For 
10 convenience of explanation, it will also be assumed that A 7 B. 
The resistance values of resistances Rl to R5 ere so chosen that 
R1=R2 and R3=R4=R5* 

Under AC conditions, resistance R5 is short-circuited by 
capacitor C2 and capacitor CI is effectively a short circuit. 
15 Since R1=R2 and R3=R4, the network is balanced about circuit point 
5 under these conditions and the AC voltage across 
resistance R2, and hence across diode Dl, is therefore half the 
difference between voltages A, and B, namely -J |A-3/.> Sijnilarly, 
due to the balance, the voltage between point 5 and rail 4, and 
hence across diode D2, is the mean of voltages A and B, namely 

I -H + • These two voltages are converted to a respective 
DC voltages by diodes Dl and D2 and are combined at point 5. Since 
both diodes are poled towards point 5, the voltage Vo at output 
terminal 3 is £ | A + B | - £ / a - Bf , this voltage being isolated 
from the rail 4 by capacitor CL. If the phase angle between the 
vectors of A and B is p, then 2Vo = (A 2 + B 2 + 2AEcosp)"^ - 
(A 2 + B 2 - 2ABcosP>^„ ; 

Thus if 0 < n/2 then cos p, and hence Vo, is positive; 

if Tc/2 <p < 3tc/2 then cos p, and hence Vo, is negative; 
if 2iz/2 < p K 2n then cos p, and hence Vo, is positive; and 
if P = +7C/2, i.e. A and B ere in phase quadrature, then 
cos p = 1, Vo = 0. 

Thus the voltage Vo has a null point at p = 90° and p = 270°, and 
is a function of the phase difference between signals A and 3; i.e. 
the circuit arrangement operates as a phase discriminator irrespective 
of the amplitudes of the input voltages, If either one of the input 
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voltages is much larger than the other and also much larger than the 
knee voltage of the diodes, then the larger of the two will i 
act as a reference input and the discriminator will then provide : 
conventional synchronous detection of the smaller amplitude input • j 

5 The equal values and the positioning of resistances Rl and R2 provide 

equal voltages across the two diodes either under phase quadrature j 
conditions or when one input is much larger than the other* 

The choice of value and 

the positioning of resistance Rl and resistance R5 ensures that the DC i 

jq loads on the two diodes are equal. Thus, when the AC voltages across ! 
the two diodes are equal, the mean DC currents in the diodes are equal 
and, since they have opposite signs, the effects of the diode knee I 
characteristics are equal and subtract perfectly at the output* For 
this reason, a phase discriminator embodying the invention can be used B| 

15 with input signal voltages that are very much lower than those 

required for the satisfactory operation of the prior art phase detector 
described above, i.e. they can be less than the diode knee voltage* 

Further the equating of the resistance values of resistors R3 and 
R4 ensures that the AC loads on the sources of £ and JB are equal, 

20 assuming that the source impedances of A and B are equal. 

In a practical embodiment of a phase discriminator as shown in 
Figure 1, the operational frequency range was 1*5 to 30MHz and the various? 
components had the follo**ing values: 
Rl, R2 1 kohm 

25 R3, R4, R5 100 kohm 

CI to C4 0.1 jiF 

With a slight rearrangement of the inputs of the circuit shown 
in Figure 1, a circuit arrangement according to the invention can 
serve as a resistance or a conductance discriminator, and embodiment 
30 of which is shown in Figure 2. 

The circuit shown in Figure 2 comprises a first terminal pair 11, 
ll 1 , a. second terminal pair 12, 12* , five resistances RU to R15, 
two diodes Dll, D12, and four capacitors Cll to C14 each of which 
has negligible reactance at the operational frequency of the 
35 arrangement* Thus under AC conditions the capacitors are effectively 
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short circuits and the arrangement comprises a substantially resistive 
7r network in which resistance Rll constitutes the series arm, 
resistances R2, R3 and R4 constitute one shunt arm and resistance 
R15 constitutes the other series arm. Under DC conditions, capacitors 
5 Cll to C14 are DC-blocking capacitors* The DC load on diode Dl 
therefore comprises resistances Rll, R12 and the DC load on diode 
D2 comprises resistances R13, R14. Capacitor C2 isolates a DC 
output voltage (Vo), appearing at circuit point 13, from the 
common circuit rail 14 which interconnects terminals 11' and 12». 
10 Capacitors C13 and C14 prevent DC voltages provided by diodes Dll and 
D12 from being affected by any DC path that may be present in the 
input signal sources to the terminal pairs. These two capacitors 
may be omitted if there are no such paths. 

In the above-described manner, diode Dll constitutes the 
15 above-mentioned first sub-network which bridges, in this case, the 
whole of the series arm (Rll) and diode DC constitutes the second 
sub-network which is in parallel with the part R13, R14 of the 
shunt arm comprising resistances R12, R13, R14. 

For the purposes of explaining the operation of the circuit shown 
20 in Figure 2, it will be assumed that the circuit rail 4 is at zero 
voltage, for example ground, an AC voltage C is applied to 
terminal 11, and an AC voltage D is applied to terminal 12. For 
convenience, it will also be assumed that C > D. The resistance values 
of resistances Rll to R15 are such that R11=R14, R12=R13, and R15=2R12. 
25 p Under AC conditions, resistance R14 is short-circuit 

Cll and capacitor C12 is effectively a short circuit. Since, in 
terms of their resistance values, R12+R13 = R15, the input 
impedances at the terminal pairs 11, 11' and 12, 12' are equal, 
assuming that the impedances of the sources of voltage C and D are 
30 equal. Further, in terms of their resistance values, Rll + R12 = 
R13 + R14 and so the DC loads on diodes Dll and D12 are equal. 

The operation of the circuit shown in Figure 2 is as follows. 
Under AC conditions, the voltage across resistance R13 is the same 
as that across resistance R12 (since resistance R14 is short- 
35 circuited by capacitor Cll) and, hence, is equal to this voltage 
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30 



are constants if proportionality (scaling factors) • As v;e are 
concerned with the ratio Kj/^t the equations can be normalised by 
putting R = lT Also, = C/D, whence C = DR^« If the angle 
between the vectors of C and D is 0, then 

\C - 2D\ = (C 2 + 4D 2 - 4CD cos 8) 2 
Since magnitude (not phase) is being measured, put cose=l (i.e. 9=0) 
Then, from the above egression for V 

2V o = : |CJ-|C-2D\=C - (C + 4D - 4CD) 2 
Substituting DR^ for C 



2V q » DR L - (D 2 P^ 2 + 4D 2 + 40^)"^ 

° - D K - <V + 4 + 



4- 2 

Thus is proportional to R T - (x) 2 where x = R L + 4 + 4R L » 

If R L < 1, then (x)"^ > R L and V q is negative • 

If R^ = 1, then (x) 2 = R L and V is zero* 

If R^ 7 1, then izz)'* < R^ and V q is positive. 
Thus the output signal of the resistance discriminator is a function 
of the ratio R Ij / R Q and can ke used to adjust to equal R q . 



being rectified by diode D12 to produce a voltage +£|c|at *h e j 

junction of the two diodes. The AC voltage across diode Dil ^ j 
comprises a voltage C - D across resistance Rll and a voltage -JC^ 

across resistor 12, and so the combined voltage is C - D - ^C. | 
5 This voltage is rectified by diode D12 to produce a voltage 

| - 13 | - £|C.|. The DC voltage Vo appearing at circuit output point 

13 is the series combination of the two voltages across the diodes 

having regard to their sign, i.e. Vo = £{cj - £| £ - 2D |. This j 

i 

output signal can be used to control a matching network to adjust I 
10 a load impedance to equal a source impedance. ; 
Resistance discriminators are, for example, used in the manner 
described above to measure the ratio between a source impedance R Q 
and a load impedance R^ and produce an output signal V q which is a 
function of the ratio and is used to adjust R^ to equal R q , i.e. to . ; 

15 match the load to the source. If the voltage and current in a 

transmission line between source and load are V and 1 respectively, j 
then = V/I. In Figure 2, the voltages C and D are assumed to be j 
derived from V and I such that C = cV and D, = £»I where c and c f I 
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If the inputs to the discriminator are reversed such that C = 
£ »I and D = cV, then the discriminator functions as a conductance 
discriminator. 

In a practical embodiment of a resistance/conductance 
5 discriminator as shown in Figure 2, the operational frequency range 
was 1.5 to 30 MHz and the various components had the following 
values : - 

Rll, R14 47 kohra 

R12, R13 10 kohm 
10 R15 20 kohm 

CI to C4 0.1 
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CLAIMS: 



1. A circuit arrangement for comparing two alternating voltages 
of the same frequency, comprising a two-terminal-pair network which, 
at the operational frequency, comprises components of negligible 

5 reactance; which network further includes a first and a second diode, 
wherein the network is in the form of a n network and comprises:— 

a first sub— network bridging at least part of the series arm of 
the k network and including said first diode for deriving a first 
direct voltage which is a function of the alternating voltage applied 

IQ across a first terminal pair of the network and which is also a 
function of the alternating voltage applied across the second 
terminal pair t 

a second sub-network connected in parallel with at least part 
of a shunt arm of the n network and including said second diode for 
15 deriving a second direct voltage which is a function of the 

alternating voltage applied across the second terminal pair, and 
means for combining the first and second direct voltages to 
provide a third direct voltage which is indicative of the difference 
between a parameter of the alternating voltage applied across the 
20 first terminal pair and the same parameter of the alternating 
voltage applied across the second terminal pair. ' 

2* A circuit arrangement as claimed in Claim 1, wherein said 
difference between the same parameters of the two alternating 
voltages is their phase difference, the series arm of the u network 
includes a first and a second resistance arranged in series between 
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the shunt arms, the second resistance is shunted by the first diode, 
the second diode is connected to the junction of the first and 
second resistances in parallel with the shunt arms of the network, 
a first of the two shunt arms of the n network comprises a third 
resistance, and the second of the two shunt arms comprises a series 
arrangement of e fourth resistance and a first capacitance with the 
fourth resistance connected to the series arm, said first 
capacitance having a negligible reactance at the operational 
frequency, the two diodes being so connected that a pole of one is 
connected to the like pole of the other, and the junction of the 
fourth resistance and first capacitance constitutes the output signal 
point of the arrangement. 

3. A circuit arrangement as claimed in Claim 2, wherein the 
first diode also shunts a fifth resistance connected in the series 
arm in series with the second resistance, said fifth resistance 
being shunted by a second capacitor having a negligible reactance 
at the operational frequency • 

4. A circuit arrangement as claimed in Claim 3 wherein the 
resistance values of the first and second resistances are equal 
and wherein the resistance values of the third, fourth, and 
fifth resistances are equal* 

5. A circuit arrangement as claimed in Claim 1, wherein said 
difference between the same parameters of the two alternating voltages 1, 
the difference between their moduli, the series arm of the n 

network comprises a first resistor arranged between the shunt arms, 
a first of the two shunt arms of the r network comprises a series 
arrangement of a second, a third, and a fourth resistance with 
the second resistance at the series arm end of the series 
arrangement, a first capacitor having a negligible reactance at the 
operational frequency being connected across the fourth resistance, 
the first diode is connected across the first and second resistance, 
the second diode is connected across the third and fourth resistances 
with one pole thereof connected to the like pole of the first diode, the 
second of the two shunt arms comprises a fifth resistor and a second 
capacitor in series, the fifth resistor being the nearer to the 
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series arm of the k network, and the junction of the fifth resistor 



arrangement . 

6. A circuit arrangement as claimed in Claim 5, wherein the 
resistance values of the first and fourth resistances are equal, 
the resistance values of the second and third resistances are 
equal, and the resistance value of the fifth resistance is twice 
that of the second resistance. 

7. A circuit arrangement as claimed in any previous Claim, 
wherein a respective DC-blocking capacitor is included between the 
•n network and each terminal connected to the series arm of the it 
network, these capacitors having negligible reactance at the 
operational frequency* 



and second capacitor constitutes the output signal point of the 
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